There are several theories of surface tension of liquid mixtures.'-3 From a quasi-lattice model for the liquid state, Guggenheim' derived the equation which relates the surface tension of a binary mixture to the activities of its components in the bulk liquid and in the surface. However, this equation can be applied only to mixtures whose components are similar in molecular size and shape.
Prigogine et al.2' I developed their theory by treating the equilibrium surface tension of a mixture as a perturbation on the "dynamic surface tension" using a smoothed potential function. This theory is applicable only to very nearly ideal systems. Hildebrand and Scott's equation4 is an extension of Guggenheim's ideal equation, taking into account the molecular size effect. Recently, Eckert and Prausnitzb obtained an equation for the surface tension of simple nonpolar binary liquid mixtures using the cell theory and the grand partition function of the surface. They expressed the surface tension in terms of the activity coefficients of the components. Formally, the Eckert-Prausnitz equation is an improved Guggenheim equation. All the above mentioned theories, however, are limited in their use.
There are several ways'ea for obtaining the surface tension of pure liquids from the significant structure theory of liquids. An extension of the approach to binary liquid mixtures is made in this paper by assuming that the approximation of random mixing is valid and that the surface of the mixture consists of a monomolecular layer which makes the principal contribution to the surface tension. The advantage of our equation is that it can be applied to any system.
( 
where N1 + N2 = NB, N1i + N2' = N', NB + N' = No, N1 and N2 are the number of molecules of component 1 and 2, respectively, NB is the total number of molecules in the bulk-liquid phase, N1', N2', and N' indicate the corresponding quantities in the surface layer, and NO is the total number of molecules in the system. In equation (3), f,1 and f,2 are the partition functions for solidlike molecules of component 1 and 2, and fC, and fo, are the partition functions for the gaslike molecules in the bulk-liquid phase. Equation (2) is the partition function for the surface molecules. The quantities corresponding to properties of the surface molecules are primed. The remaining notation in equations (2) and (3) has the usual meaning used in the significant structure theory.7 From equations (1)- (3), one obtains
Taking the logarithm of equation (4) 
(b) Derivation of the surface tension equation: The Helmholtz-free energy A is given by A= -kT lnfmi,., (6) and the surface tension of liquid mixture ymix is written as TYmix.
where Q is the surface area. Now let co denote the area occupied by one molecule in the surface layer. This is equal to (V3/2)a2 for a closest-packed lattice, a being the distance between two nearest neighbors. Let N, be the total number of sites available on the surface. N, is related to N' by the relation N'/N, = Vs/V. Since Q = cAN, equation (7) (8) with the use of equations (5)- (8) and carrying out the differentiation of A with respect to N'. In this differentiation, we assume that the mixing factor does not change with increasing the surface area, U.
Thus, one obtains the equation of the surface tension of a binary liquid mixture as (9) Here, Xi, X2, xi', and x2' are the mole fractions of the respective components in the bulk liquid and in the surface layer, i.e., N1 = x1NB N2 = x2NB, No' = Xi'N', and N2' = X2'N'. The relation ONE/ON' = -1 which is obtained from NB + N' = NO was applied in obtaining equation (9) . ES, V., and V are given by the following equations :7c
(lOc) In the derivation of equation (9), we have assumed that
We have to determine the quantities Es', 0', xi', and X2' to calculate ymi. Other values"', 10 are known from the theory of surface tension for pure liquids. E, is determined by using the following equation:
where
the subscript i being 1 or 2; the G factor is used to correlate E' with Es. In pure liquids, i.e., E,1' = G1E81, Tj, is the critical temperature of the component liquid i, and f is a parameter equal to 0.083.6c 0' can be approximated by 0' \/9/12 0. We use the simplified Eckert-Prausnitz equation, to calculate the surface compositions, xi' and X2' = 1 -X1i, i.e., X2//X1' = (x2/x1)(a2/a1)eXP (71yi1 -'Y2C2)/kT;
(11) here, we neglect the small "surface configurational energy density difference" in the Eckert-Prausnitz equation; a2 and a, represent the activity coefficients of components 1 and 2, w1 and c2 denote the molecular areas of the respective species.
(2) Calculations.-For the liquid mixture of cryogenic systems such as A-N2, 02-N2, CH4-N2, and CH4-CO, the surface tension of liquid mixtures is given by the following equation:
'mz-(V,/V)2kT (Es-E't)/RT + 31 [1 - (12) where X = (//2) (V8V2/N)2/a.
(13) These molecules are considered as executing free rotation which is not much different in the bulk-liquid phase and in the surface layer.6" The values of 5E, which appear in the Es expressions for the mixtures of 02-N2 and Ar-N2 are obtainable from the literature.7" However, for the mixtures of CH4-N2 and CH4-CO, the 6E, value is not yet known.
Generally, it is a very tedious task to find out a satisfactory value of 5E, for an arbitrary system even with an IBM computer. Thus, we determined BE, of the CH4-N2 and CH4-CO systems from equation (12) In Tables 2-5 , Es, Vs, V, E.' and w are calculated, respectively, from equations (lOa), (lOb), (lOc), (lOd), and (13) by using the pure liquid data given in Table 1 .
The values of xI' are calculated from equation (11), where the ratio of a2/al is taken as unity; 'y and 72 are the theoretical surface tensions for components 1 and 2 calculated from equation (12) in the two extremes of xi = 1 (or X2 = 0) and X2 = 1 (or Xi = 0); the necessary values of co, 2,Y1, and 72 are found in Tables 2-4. VOL. 59, 1968 (b) We estimated the BE8 for the CH4-N2 system by coiisidering the surface tension at one experimental point. Theoretically, however, this should be determined so as to satisfy all excess thermodynamic quantities of the mixture liquid.7" Thus, it will be interesting to test whether the BE, value will give correct excess thermodynamic quantities for the system using the procedure reported in the literature.7
Summary.-The equation of the surface tension of binary liquid mixtures has been developed from the significant structure theory of liquids by assuming that the approximation of random mixing is valid and that the contribution of the first surface-molecular layer makes the principal contribution to the surface tension. The equation is applied to the calculation of the surface tension of cryogenic mixtures. The calculated results are in excellent agreement with experiment.
